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Abstract:

Due to their efficiency and reliability, diesel engines
are regarded as the most effective power generators
in the manufacturing and haulage industries.
However, they are plagued by the negative effects of
exhaust emissions, particularly oxides of nitrogen
(NOx), which are subject to increasingly strict emission
rules, prompting the search for alternative
technologies. Urea-SCR is a sophisticated energetic
emissions reduction technique that uses a catalyst and
urea-water solution (UWS) to convert nitrogen oxides
(NOx) into harmless byproducts. Current study deals
with the various factors effecting Urea-SCR system
implementations, along with advantages, and future
challenges.

Keywords: Emission control, Device performance,
Urea-Water Solution (UWS), Urea-SCR system.

1. Introduction

Nowadays, with speedy expansion of inhabitants the
requirement for energy also rises. The fossil fuels have so
far been used to meet the world's energy needs. The high
use of fossil-fuels produces most of the issues in
surroundings  which  straightforwardly rise the
temperature and also influence the creature console.
Ever since the arrival of CIE in 1897, the dangerous
emissions produced by CIEs continued a severe concern.
One of dominant emissions from CIEs is NOx, which
damages ozone layer, forms unfavorable photo-chemical
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smog, and straightaway troubles individual healthiness
(Shang et al.,, 2019; Yuan et al., 2019). According to
Anenberg et al. (2017), on-road ClI motor vehicles
contributed 55% of all global NOx emissions,
underscoring the significance of CIEs' declining NOx
emissions. EGR and SCR are the best examples of
currently available technology to reduce NOx emissions
from CIEs (Chen et al., 2020; Jung et al., 2019; Xi et al.,
2019).

On SO; elimination capability, NO removal efficiency, and
nitrate percentage, the impacts of reaction temperature,
Na,S,0s quantity, urea density, SO, concentration, NO
attentiveness, and pH value were investigated. The
laboratory results showed that different reaction
temperatures had different effects on the effectiveness
of SO; elimination, the effectiveness of NO elimination,
and the percentage of nitrate (Hongyuan Xi et al., 2020).

For DeNOx of CIE exhausts, urea-SCR is currently a
commercial equipment alternative (Johnson, 2009; Shin
et al., 2019). According to H.S. Latha et al. (2019), the
urea-SCR system will inject urea-aqueous liquid (32.5%
part) into the exhaust tube. This liquid mixture contains
exhaust fluid, and the lowering agent, NH3, is produced
through pyrolysis and evaporation. By acting as a
catalyst, NH; combines with NOx to change it into N, and
H,0 (Guan et al., 2014; Strém et al., 2009). However, SCR
setup continues to have a number of issues that reduce
its efficacy. The fluid layer formed by the urea jet
finedrops banging effortlessly on the output channel's
surface shapes deposits of urea solids, biuret, cyanuric
acid (CYA), and ammelide (Czekaj and Krocher, 2009;
Wang et al., 2017; Weeks et al., 2015). This causes urea
to partially degrade, producing insufficient amounts of
NH3, which reduces the total amount of NOx that may
be converted into N> and H,O (Ku et al., 2014). The
growth of scales may still lead to obstructions in the
outlet channel, which increase outlet back-pressure and
affect an engine's capacity to run normally (Prabhu et al.,
2017; Qian et al., 2018; Zhang et al., 2013).
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To address these SCR equipment issues, lots of
examiners have conceded away a chain of investigations
on urea-pyrolysis, solution configurations and urea shot-
introduction factors. Their outcomes reveled that
diverse experiment situations and rates for heating are
narrowly linked to the position of by-products. Sun et
al.'s (2018) rigorous urea decay method was added by
Habchi et al. (2018), who also barbed out the
configuration of the accumulation under cold and hot
conditions. A buildup will form on the surface of the
blender and outlet channel in cold conditions when the
surface temperature is lower than the UWS Leidenfrost
temperature. A deposit will form at the SCR-catalyst's
intake in a hot state when the surface temperature is
higher than the UWS Leidenfrost temperature. In order
to accurately reproduce the thermo-gravimetric decay
process of urea and its byproducts, Bornhorst et al.
(2020) integrated a comprehensive urea decay
mechanism consisting of 15-step chemical reaction into
CFD reproduction.

Zhang et al. (2019) pooled experimentation and
computer-imitation to evaluate and contrast
assimilation evenness and crystallization hazard of long-
established and novel blenders. Throughout the whole
computer-imulation process, the buildup was predicted
by fluid layer without regard for the by-products of urea
decomposition. Zhu et al. (2017) and Van et al. (2017)
investigated injectors in terms of injection variables. The
impact of the injection strategy on accumulates
development was published by Zhu et al. in 2017.
Injection rate decreased by 20% while accumulations
decreased by 32% under the same operating conditions.
Van and colleagues (2017) used imaging tests to examine
the configuration and distribution of accumulation
around the injector under light load and low velocity.
According to Jain et al. (2017), urea disintegration was
much aided by the injection angle. In 2018, Shahariar et
al. (2018) reported that increased injection pressure
increases relative to droplet speed and spray coverage
area. The risk of accumulations is increased by the
growing quantity of droplets that are colliding with
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channel surfaces. The influence of injection pressure on
droplet size, velocity close to the injector outlet, and the
overall presentation of the spray arrangement was
demonstrated in 2019 by Payri et al. The degree of
fineness of the droplets increases as the injection
pressure increases. In conclusion, urea injection factor
measurement is an important design consideration for
the exhaust after-treatment unit. The increased
knowledge of physical phenomena offered by CFD
learning is combined with exploratory inquiry into the
configuration in a specific test unit (Ra'ul Payri et al.,
2020).

The urea pyrolysis process involves a challenging stream,
gas-liquid amalgamation, heat transmission, and
chemical reactions in actual SCR configurations. As a
result, it is unclear how accumulates development is
accomplished. Most studies on blender configuration
design and urea injection variable minimization do not
think there is a link between urea injection factors and
urea disintegration by-products.

According to D. Tsinoglou and G. Koltsakis (2007), a
mathematical model is developed for simulating the
selective catalytic reduction of NOx by ammonia in diesel
exhaust. The findings show that, for the application
under consideration, ammonia storage is crucial at
intermediate temperatures, when conversion is
governed by reaction kinetics, assuming that the
ammonia adsorption capacity is high enough.

Ibrahim Aslan Resitoglu et al. (2014) evaluate the
principal pollutants (CO, HC, PM, and NOx) from CIEs and
the technology used to control these pollutants in
accordance with laws and customs. In this (Ali Azam et
al., 2019) manuscript, a novel crossbreed emission
regulating element, dubbed HE-OBCU-EGR unit, was
designed, built, and installed on the exhaust manifold of
a Massey Ferguson (MF-260) tractor engine to reduce
controlled gaseous emissions. This element is self-
possessed of opposite stream heat exchanger (HE), oil
bath cleaning unit (OBCU), and EGR.
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The major goal of this research is to expand the modeling
methodology that enables precise forecasting of urea-
H,0 solution (UWS) activities in actual diesel exhausts in
the temperature range of 373 K to 873 K (Filip
Kuternowski et al., 2020). Calculations were done using
the finite volume technique (FVM) expanded by non
random two liquids (NRTL) phase equilibrium model. The
conclusions reached were supported by actual
laboratory evaluations. The evaluation shows that the
NRTL addition made possible by this operation allows for
the replication of real-world practice scenarios in diesel
exhaust atmosphere. The model can be utilized for
simulation approaches as well as design because the
responses are correct.

2. Advantages and application of U-SCR

Due to their high levels of purification, the NOx storage
catalyst and selective catalytic reduction (SCR) with urea
solutions are seen to be viable techniques. The urea-
SCRsystems in particular have benefits like great
purification performance, little fuel penalty, and good
durability against sulphur-contained fuels. As a result,
urea-SCR system on-road demonstrations are carried out
and their practical applicability is explored in Europe
together with the infrastructures for supplying urea
solutions. (2005) (J Kusaka et al.).

A separately controlled, stand-alone U-SCR unit may be
used for retrofit purposes to reduce CIE NOx levels
depending on the results of test trials (Derek R. Johnson
et al., 2009). Depending on cycle or mode values, the
device revealed NOx lowering capacities of 41-67%
(g/bhp-hr). According to lbrahim Aslan Resitoglu et al.
(2014), SCR devices are incredibly effective at reducing
NOx output.

For exhaust gas ATS in CIEs, U-SCR process regulation is
crucial. To achieve increased NOx transfer effectiveness
and reduce ammonia slip for U-SCR course, a regulation
unit supervising ammonia coverage ratio is designed
(Jinghua Zhao et al., 2015).
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According to the test results, the emission characteristics
of HC and NOx tend to decrease when a selective
catalytic reduction approach is applied. According to
research by C. Solaimuthu et al. (2015), the B25 produces
the lowest levels of HC and NOx emissions at full load,
with respective reductions of 5.88 and 1.18%.

The purpose of the current review was to look at
different nitrogen component categories (NO, NO,, N20O,
and NHs) in NOx exhaust emissions both before and after
passing through an SCR device. A heavy-duty EURO VI
type CIE was fitted with an AC dynamometer. To run the
test engine under real-world driving conditions, the
world's harmonised stationary cycle and transient cycle
were introduced (Joonho Jeon et al., 2016).In the U-SCR
unit of modern cars, UWS is pumped to create NH3
(Sadashiva Prabhu S et al., 2016).

Sophisticated NOx ATS for diesel cars are successfully
plummeting outlet channel NOx produces in lab test
cycles; but, several de-NOx units resulted restriction for
qualifying ecological limitations throughout actual-global
driving rules. In this investigation, the NOx component of
a CIE with a lean NOx trap (LNT) was examined during
several motor vehicle qualification cycles. The LNT
achievement was compared to the NEDC, WLTC, FTP-75,
HWFET, and US06 achievements. In order to determine
NOx storage and restoration status, the real-time NOx
proportion manners were monitored by NOx sensors at
the engine-outlet and downstream flow of the LNT (Cha-
Lee Myung et al., 2017).

It was established that using 25% biodiesel instead of
25% diesel caused a noticeable decrease in NOx
(approximately 3.91%) when the engine was operating.
This research establishes the SCR approach with a 25%
biodiesel addition as a workable alternative without
modifying the engine or compromising engine
performance. Therefore, this choice can be considered
as futuristic one in agricultural work. (M. Haridass & M.
Jayaraman., 2018).
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By identifying a middle parameter that represents SCR
weight, the problem of differentiating between NOx &
ammonia slip is solved. By combining the mass
conservation concept between the inlet and output of
the SCR and a NOx-reducer replica, via an extended
Kalman filter, the SCR weight is predicted. 2020 (Carlos
Guardiola et al.).

Two different types of metal ion-exchanged zeolites—Fe
and Cu—have been used as SCR system catalysts. The
Cu/zeolite was made up of 80% Cu and 20% Fe, while the
Fe/zeolite was entirely composed of Fe. The NOx
alteration efficiency of Fe/ and Cu/zeolite catalysts is still
greater than 80% between about 300 and 450 °C. Even
while the NO change efficiency of the Cu/zeolite catalyst
deteriorated around about 450°C, the Fe/zeolite catalyst
showed a severe decrease because its ammonia cargo
space ability was inferior to Cu/zeolite's. Additionally, it
was found that NO was converted into NO2 in DOC and
DPF and that the NO2/NOx ratio at the SCR inlet
consistently maintained thermodynamic equilibrium
regardless of the SCR catalyst (Youngjin Shin et al., 2020).

A Euro 6 diesel car fitted with an ammonia-SCR was put
through tests on a chassis dyno at 24 and 27 C. In order
to assess fuel-derived impacts in comparison to
conventional diesel fuel, three advanced biofuels (HVO,
a glycerol-derived biofuel, and biodiesel from the
esterification of residual free fatty acids) were used.

In this (Sterlepper et al., 2021) effort, 2 ideas of H,-ICEs
are inspected practically. First technique is alteration of
a high-tech petrol commuter car drive using H, DI. It aims
petrol-like definite energy productivity by blend
improvement downward to stoichiometric process.
Second one is to utilize a heavy-duty CIE outfitted with Sl
and Hx-port oil insertion.

The extent to which NOx emissions from passenger
vehicles are affected by post-treatment techniques, cold
start conditions, and driving practices. The widely utilized
SCR technique is not very effective at reducing NOx
emissions at cold start conditions or at low speeds. The
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ACCT program is an innovative strategy that can
encourage lowering NOx emissions to achieve sanitary
travel. For vehicles equipped with SCR and ACCT systems
over cold start and warm start driving cycles, the
relationships between driving behaviors and NOx
emissions are different (Jianbing Gao et al., 2021).

3. Factors affecting performance of Urea-SCR system for
practical usage

For urea-SCR systems to be used in practice, there are
still issues that need to be resolved. According to J.
Kusaka et al. (2005), the first one is the low activation for
NOx reduction and NH3 slip under the low exhaust gas
temperatures and transient conditions present in actual
city modes.

The elevated declines were achieved through transitory
cycles, and they can be attributed to a lack of downtime
and the catalyst's capacity to store ammonia. When the
unit software regulation was changed to maximize
ammonia slip, the decrease was less than the desired
50%. The price of urea liquid varies greatly, but assuming
a median price of $2.50 per gallon, the cost of handling
urea would be $960 for every ton of reduced NOx (Derek
R. Johnson et al., 2009).

The temperature of diesel exhaust gas has a big impact
on how much less hazardous pollutants are produced.
Other aspects affecting effectiveness include the type of
catalyst, the spatial velocity of the exhaust gas, and the
type of emission (lbrahim Aslan Resitoglu et al., 2014).

The advancements in highly efficient fusion
technologies, including combined CuZ & FeZ SCR, inert
SCR, combination of DOC + (DPF, SCR), and SCR-catalyst
layered on DPFCatalyst layered on DPF (called as SCRF
now onwards) units, are important issues. Despite the
fact that SCR systems are regarded as the top NOx ATS,
notices for undesirable byproducts such NH3 and N20
have been compensated (Bin Guan et al., 2014).

The widespread usage of falling NOx from CIEs for
portable purposes has been found via Vanadia-based
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SCR. The essential unit uses AdBlue, a reducing chemical
that degrades in exhaust fluids and contains 32.5% urea.
The current method, which depends on vanadia, has
demonstrated outstanding permanence and inertness to
sulfur, fuel pollutants, and HCs. Vanadia units, however,
react when in contact with alkali metals and at very high
temperatures. Vanadia SCR units and DOC or DOC/DPF
systems can be combined, however careful planning for
the NO2 level entering the vanadia SCR catalyst and heat
management of DOC/DPF are still preferred (Isabella
Nova & Enrico Tronconi, 2014).

The controlling unit contains a non-linear feed forward
regulator depend on flat-ness and a Pl feedback
regulator to agreement with up-and-downs and
interruption. Besides, a tuning technique of regulator
factors is offered depend on not-regularized algorithms.
Lastly, recreation effects are set to exhibit efficacy of
planned controlling system (Jinghua Zhao et al., 2015).

In a real-world setting, a unique quantum-cascade laser
analyzer was used to measure the nitrogen produced
varieties. The engine load clauses, which also discovered
the competency of SCR adjustment, had a significant
impact on the engine-out NOx produces. For both
experiment averages, total modification rates of up to
96% were attained. Various amounts of urea were used
as a reductant in the SCR unit. Under same engine
conditions, modification effectiveness and NOx concerto
varied according to urea percentage. The results provide
precise proportion values for the nitrogen components
in commercial heavy-duty engines and warn against the
possibility of a new greenhouse gas as a result of altered
NOx production (Joonho Jeon et al., 2016).

In this present work, Sadashiva Prabhu S et al., (2016)
practically examined deposit creation and its pace by a
fresher idea of application of SS foils allowing for
temperature and stream speed as parameters. As per
mathematical evaluations, droplet disappearance of
UWS reduces as stream speed rises. Increases in
temperature and flow rate result in a decrease in the
amount of deposits. In light of this, structural changes
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are considered. Time-dependent gravimetric analysis'
mathematical values were somewhat closer to the
investigative values. The knowledge reveals that low-
temperature deposit fields are comparable to numerical
values. It is intended to use a phenomenological replica
to identify the deposit alteration variable for low
temperatures (150-2500C), which aids in the
modification of the UWS dosing strategy to prevent NH;
slip.

This work (Rafal Sala et al., 2017) trailed to recognize
effect of dosage vaporized urea suspension in a SCR unit.
In SCR technique, optimizing urea disappearance and
amalgamation characteristics can appreciably progress
NOx alteration effectiveness in catalyst. It can also apply
encouraging influence on evenness of NHs; proportion
delivery across catalyst contours. The concept of an
electrically powered urea dosage unit was investigated,
and it was found that enhancing NOx removal during
steady-state and transient engine operation is facilitated
by urea pre-heating prior to dosing into outlet fluid.

Y. Jung et al.,, (2017) combined V,0s-WOQ3/TiO, & Cu-
zeolite catalysts contained by single cylinder with
previous up-stream and later down-stream. In a 3.4 liter
CIE, the NOx and N20 produced by combined catalysts
were investigated at various engine loads and speeds.
Vanadium-type and Cu-zeolite alone were compared to
the results from combined catalysts. At temperatures
ranging from 200 °C to 410 °C, each catalyst's NO
alteration efficiency was greater than 80%, which
corresponds to the NO2 excess range. In addition, the
NO2/NOx percentage was higher than 50% for
temperature ranges between 200 °C and 410 °C, with the
highest NO2/NOx fraction being attained at 270 °C. Cu-
zeolite's efficiency remained high outside of 410 °C;
nevertheless, vanadium-type starts to deteriorate at 410
°C.

Due to the larger capability of the Cu-zeolite one, the
combined unit's performance was not much superior
than that of the vanadium kind. Combination unit
commonly followed Cu-zeolite system for NO2 alteration
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effectiveness. Around 270 °C, the temperature of the
topmost NO2/NOx fraction, the vanadium-type unit
showed an efficacy reduction; however, this efficacy fall
was eliminated in the combined system. Cu-zeolite emits
the most N20 over catalysts, whilst vanadium-type
produces the least. Since the amount of N20 produced
at the back SCR was about five times greater than that
produced at the front SCR, efforts to reduce N20
production from the SCR are required when accounting
for the global heating strength of N20. Midway ranges of
N20 were produced by the unified unit.

U-SCR is renowned for fitting verified equipment. With
the aid of the reducing agent NH3, U-SCR produces an
alteration efficacy of 96-99%. Workflow restrictions
including catalyst type, temperature range, flooding of
DEF into injector, and amalgamation of NH3 and NOx are
contested. Fusion of SCR, such as Cu-SCR + Fe-SCR, SCR +
LNT, and SCR + LNT, allows for more efficient oil
consumption and catalytic activities at low
temperatures. SCR has a larger cell mass (400-600 csi),
but SCRF has a smaller cell mass and lower deNOx
effectiveness for many reasons. Pre-accumulated NH3
and pre-heating help SCRF reactions at low
temperatures. UWS's technological issues have
contributed to the creation of SSCR. This study (V.
Praveena et al., 2017) takes into account the hard
ammonium salts degradation, salt temperature range,
and SSCR facility requirements.

The present (Mina Mehregan & Mohammad Moghiman.,
2018) effort proposes an examination about nano-
additives effect over execution and emissions features of
a combined bio-diesel fueled CIE outfitted with U-SCR
unit. The standard oil employed in this work was B20
combined bio-diesel which comprised of 20% waste
frying oil bio-diesel and 80% diesel oil. Manganese oxide
and cobalt oxide nano-particles were applied as nano-
fuel additives with mass portions of 25 and 50 ppm.
Dependent on trial tests, BSFC and BTE of nano-particles
mixed oil were believably improved while NOx and CO
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creation was substantially reduced contrasted to those
of standard oil.

The suggested representation is used to evaluate the
dynamics of a multi-component droplet spray that
results from the injection of adBlue into a hot-gas
conduit that mimics an SCR-DeNOx stream unit. The first
step is to create an estimation of multi-component
droplet evaporation in a hot, slow gas atmosphere. The
results of the adBlue spray/gas stage traverse flow
relations are then accounted for in comparisons
between experimental data (spray structure, spray angle
and penetration depth, droplet dimension, supply and
velocity), and mathematical simulations. It turns out that
the developed model may successfully contain spray
characteristics in a manner comparable to an SCR unit.
2018 (K. Nishad et al.).

The impingement circumstances and spray droplet
dispersion, which are crucial factors in system
performance, were the subject of the inquiry. This study
was done in an optically visible test chamber using a
commercial pressure-driven SCR injector at various
injection heights and wall temperatures. The spray
impingement phenomenon was recorded using the high-
speed imaging Z-type shadowgraph technique. 2018 (K.
Nishad et al.).

(Sirajuddin Syed & Manimaran Renganathan, 2019) offer
a summary of numerous approaches. to control the
production of NOx from journalism using H2 as the
primary fuel. Pre-intake regulation strategies debate
intake temperature, pressure, EGR, oxygen percentage,
air fuel sharing, addition of inert gases, water injection,
and steam injection. We discuss swirl and injection time
as well as other in-cylinder regulation strategies. It is
explained how various post-combustion controlling
techniques such as SCR, urea injection, Vanadia
sublimation, HC-SCR, LNT, and SCR-LNT work.

Examining a commercially viable Pd/Rh TWC in steady-
state and lean/rich cycle forms allowed researchers to
examine the production of NH3 as a by-product during
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the TWC process in a simulated outlet stream. The
simultaneous statement of 0.6s for NO, NO2 and NH3
amounts was discovered using ion molecular reaction-
mass spectrometry. Catalyst life was exposed to answer
in a major boost in quantity of NH3 generated, which has
obtained inadequate concentration in journalism to till-
date. The decision to create NH3 has been shown to
improve with a decrease in the OSC of a TWC triggered
by thermal life span. The majority of the NH3 has been
released to provide an interior outlet temperature range
of 250 °C to 550 °C. In order to investigate their effects
on NH3 production, critical lambda and rich functioning
state length times determined in vehicle test procedures
were also used. The responses suggest that a decrease in
lambda and/or an increase in the interval of rich
functional states will increase the likelihood of NH3
production. The fall of NH3 produced is therefore
notable for improving the OSC of TWCs and successfully
controlling lambda near to 1.0 with a constrained time in
rich operating states. 2019 (Chengxiong Wang et al.).

The major hub of designed algorithm is to employ easy
representation which may be applied for NHs slip
evaluation, being conscious of existing restrictions of SCR
forms in actual procedure. Investigational effects in a
EURO 6 CIE illustrate the strength of such surveillance in
momentary situations and sufficient correspondence
with exterior NHs calculations offered by extra sensors
exists on the examination worktable. (Carlos Guardiola
et al., 2020).

The typical testing setup was designed and built to mimic
the exhaust aftertreatment systems (ATSs) of heavy-duty
diesel vehicles. In this testing setup with optic gaps for
sprays and flow observation, urea injector variables were
examined. In terms of exhaust mass flow rate,
temperature, and spray regulating mechanism, this
experimental setup can imitate CIEs. The discussion on
the effects of droplet size and velocity allocation on flow
description is now over (Ismail Hakki Savci and M. Zafer
Gul, 2021).

314



Journal of Namibian Studies, 37 S1 (2023): 302-330 ISSN: 2197-5523 (online)

This study (Cihan Ates et al., 2021) provides an analysis
of the morphology of deposits in SCR systems that are
formed from urea. By using optical and confocal
microscopy, solid deposit structures produced in a hot
gas test rig are examined in terms of topology.

The uniformity of several urea injector designs is studied
in this study by Jeong et al. (2021), and the best design
for the urea injector angle and direction is chosen. To
attain high dependability, the uniformity index (Ul) was
determined using numerical analysis and compared with
experimental results.

On the basis of CONVERGE software, an integrated after-
treatment device model of the nonroad farm diesel
engine was developed, together with a quick urea and
byproduct deposit trial platform. Both simulation and
experimentation were used to study the impacts of
exhaust temperature, exhaust flow rate, and urea
injection mass on urea and byproduct deposits (Xingyu
Liu et al., 2021).

The NH3, temperature, and velocity uniformity at the
front-end cross section of its SCR catalyst, the rate of
urea deposition, the liquid film mass of the mixer, and its
positions were all simulated using the fluid simulation
software (Converge) to create an integrated after-
treatment device model for our target engine. In order
to increase uniformity and decrease the bulk of the liquid
film, the mixer's structure and injection pressure were
also modified (Menghua Wang et al., 2021).

In this (Byung-Mo Yang., 2022) manuscript, the design of
blender and churn channel of exhaust fluid post-
treatment apparatus SCR was minimized throughout
flow examination, and consequence on flow and back
pressure of exhaust stream was deliberated by
performing a trial test by means of a CIE and an engine
dynamometer. AS per design transformation of channel
and blender, SCR evenness manifestation was
established to be 96.1% and 97.4% earlier than and later
than the upgrading, correspondingly, verifying that the
flow of burning fluid is homogeneously dispersed. As
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exhaust stream rate raised, the back pressure raised
rapidly.

In the current study, Moon S et al. (2022) invent a
straightforward 1-D examination approach to
demonstrate how theories of forced internal convection
and energy conservation affect how surface temperature
dispersion occurs in EHC. The confirmation outcomes
revealed over 95% forecast accurateness of 1-D
examination method in working circumstances of a
heavyweight-job  CIE. Depend on established
trustworthiness, influences of statistical and functional
factors on surface temperature dispersion in EHC were
scrutinized and argued using examination outcomes.

4. Futuristic Challenges

Even though lots of fundamental and realistic
investigations have been conducted for urea—SCR
systems, the effects of parameters governing the
physical and chemical procedures in units are not
elucidated sufficiently. The transportation happening
attached with diverse catalytic wall-surface reaction
kinetics at a solid-surface and fluid-state boundary that
administrates catalyst properties is a complex sort and
has not been fully elucidated. Therefore, many
researchers tested and evaluated experimentally diverse
varieties of catalysts and catalyst proportions (J Kusaka
et al., 2005).

Derek R. Johnson et al., (2009) describes techniques as a
ways to lessen NHs slip: boosted injection rate, spanning
of flow channel, addition of a blending mechanism to
assist with mal-dispersion troubles and achievable
utilization of dirt free up catalysts. Also, extra advanced
unconnected regulations will be feasible by integrating a
improved detailing of NHs; cargo space capability of
catalyst.

Environmental catalysis still faces significant difficulties
in the selective catalytic reduction of NOx using NH3 or
hydrocarbons (NH3-SCR or HC-SCR) in oxygen-rich
exhaust from diesel engines. A thorough mechanism
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contributing to the performance of Ag/AI203 in HC-SCR
is offered based on research by (Fudong Liu et al., 2014),
offering a hint for creating a catalytic system with high
efficiency.

In this (Xinmei Yuan et al., 2015) dissertation, SCR unit
components arrangements are established, designing
and measurement of SCR converter are offered, and
existing managing tactics are recapitulated and assessed.
Lastly, principal fields leading expectations of SCR
regulation investigations are conferred.

High NOx reduction performance, homogenous mixture
generation, and solid deposit deposition are significant
obstacles to system implementation. A thorough
examination of the urea-water spray wall impingement
and its effects on the dispersion of the reducing agent
and the formation of deposits, as well as the
performance of the system, is provided in this paper
(Yujun Liaoa et al., 2017). The impingement process can
be seen in great detail in high speed photos. Under
normal diesel exhaust flow conditions, impinging spray
mass flux distribution and droplet size distribution have
also been measured. A commercial 3-Hole pressure-
driven injector dosing into a flow channel was used to
complete the task.

The chief disadvantage of method is its requirement of
adequately elevated temperatures to promise a good
dependability of recognition procedure. During ESC and
ETC test cycles, nevertheless, openings with superior
forms confirmed to be satisfactorily spacious.
Furthermore this NOx detector may be appropriate for
OBD since it is evaluating entire NOx and NHs produces.
The controlling strategy recognizes a maximum
reduction in NOx while keeping NH3 slip at logically
lower levels via static as well as dynamic cycles. In both
ESC and ETC cycles, a reduction in NOx emission of 82%
is achieved at an average NH3 slip of less than 10 ppm.
Even on catalytic converter systems of limited size, the
required cutback of lowest that is half of NOx is therefore
achievable with a large protection boundary thanks to
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highly developed regulatory approach (C. M. Schér et al.,
2018).

High NOx reduction performance poses major
implementation issues. According to Ruchit S. Raval et al.
(2018), this work gives a thorough examination of the
urea-water spray wall impingement and affects on the
creation of the dispersion of the reducing agent.

The SCR system must achieve a higher NOx conversion
efficiency while using a smaller amount of reducing
agent to satisfy the Euro VI regulations as they become
increasingly stringent. Here, the physico-chemical
design-based NSGA-Il was used to achieve the preferred
urea dosing feed fraction and achieve the best possible
trade-off between NOx lessening and NH3 slip so that
several profits, such as fuel and urea efficacy increases,
may become apparent. Additionally, reliance of
minimized solution on dynamic model was
demonstrated depend on a responsiveness study and a
decreased order one-state model was used to detain
fundamental performances of unit under

Modern designs and observers have a wide range of
limitations to define the actual performance of SCR in
addition to all operational circumstances: on the one
hand, when relying on mass conservation, minute design
flaws are incorporated, which results in a significant
unfairness on SCR load; on the other hand, SCR dynamics
complicated the inspection and adjustment of the design
(Carlos Guardiola et al., 2020).

Because complicated interactions of multiphase physics
and chemical processes must be managed, the
production of ammonia from urea water sprays still
poses a problem for aftertreatment engineering (M.
Bornhorst & O. Deutschmann, 2021).

Through physico-chemical classifications and catalytic
analysis, the effect of combination level on commercially
viable Cu-exchanged chabazite catalysts for SCR was
investigated. Both industrialized and lab-scale
synthesized catalysts go  through structural
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dealumination of the zeolite framework and redispersion
of Al sites during hydrothermal lifetime. Variations in
N20 production and NH3 oxidation rate were shown to
be related to the production of different copper classes,
and proportions became harder to control over the
manufacturing process. This case study focused on ion
exchange directions, with the results presenting creative
methods into the industrially produced zeolites' catalytic
activities (Rizzotto V et al., 2022).

However, Urea was frequently vulnerable to corruption,
chiefly in forms of urea substance and mixing with non-
mineralized H,0. Da Silva Souza et al. (2022) recommend
a simple, inexpensive, disposable, and undemanding
paper-based microfluidic apparatus in this evaluation for
the first time quality-maintenance of U-SCR items by
simultaneously counting urea and H20 hardness via
colorimetric reactions using a small volume of sample.
For the calibration of the hardness of water in urea and
H20, respectively, 4-(dimethylamino) benzaldehyde and
eryochrome were used as colorimetric pointers. The
purpose of microfluidic paper-based mechanisms with
colorimetric reactions facilitates quality control of U-SCR
items with superior accurateness, easy transportation,
little expenditure of reagents, and no creation of deadly
remains; thus sharing to ecological diagnostic chemistry
area.

5. Summary

Experimental, Simulated and numerical evaluations can
be summarized as follows:

The U-SCR scheme review resulted that NOx conversion
of 70% — 97% at elevated catalyst temperatures
underneath stable working conditions. NO reduction is
less under minute load situations since the catalyst
temperature is less and NO-NO; fraction is much
superior than agreement. The state mandatory for
attaining NOx alteration superior than 90 per cent is
elevated catalyst temperatures exceeding 530 K(J Kusaka
et al., 2005).
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According to the investigation, high wall temperature
causes swirl and bouncing that entrain rebounding spray
droplets on the wall and promote mixing. Longer spray
front projection length, which is a key element in the
mitigation of urea deposits, is another effect of high
temperature. 2018 (K. Nishad et al.).

Urea-based SCR systems have become a cutting-edge
aftertreatment method for removing NOx from the
emissions of IC engines post several decades of research
and development in academia and industry.
Independent of the motor technology, current
experimental and numerical methodologies have the
ability to create SCR systems in accordance with future
emission regulation standards. As long as combustion
systems use air as an oxidizer, the difficulty of removing
NOx will persist (M. Bornhorst & O. Deutschmann, 2021).

Experiment outcomes reveled that tinier droplets
improve assimilation and thus catalyst efficacy. Blender
model performance can be judged statistically in droplet
dimension breakup based on the created criterion called
blender performance criterion. The vane type mixer
outperforms the plate type mixer according to the mixer
performance requirements. Additionally, the results are
the same regardless of the length of the spray
penetration (Ismail Hakki Savci & M. Zafer Gul, 2021).

The exhaust ATSs have to concentrate on Nx-connected
produces: NOx as principal and NHsz and N,O as less
important produced varieties. Engine function with
reducing exhaust temperatures confronts the exhaust
ATS. The trade-off among NOx untreated produce
lessening and catalyst conversion efficacy failures
necessitates  purpose-particular  explorations to
accomplish least outlet channel produces. However, for
that, the engine and exhaust ATS arrangement also ATS
functioning approaches have to be narrowly associated.
In addition, more exploration on catalyst substances,
functioning approaches and deterioration methods is
compulsory. (Sterlepper et al., 2021)

Nomenclature
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ACCT - ammonia creation and
conversion technology

ATS - after treatment system

BSFC - brake specific fuel consumption
BTE - brake thermal efficiency

CFD - computational fluid dynamics
Cl - compression ignited

CIE - compression ignited engine
co - carbon monoxide

CYA - cyanuric acid

DI - direct injection

DOC - diesel oxidation catalyst

DPF - diesel particulate filter

EGR - exhaust gas recirculation

EHC - electrically heated catalyst
ESC - European stationary cycle
ETC - European transient cycle

FTP - federal test procedure

FVM - finite volume method

H.-ICEs - hydrogen internal combustion
engines

HE - heat exchanger

HC - hydrocarbon

HVO - hydrogenated vegetable oil
HWFET - highway fuel economy test
LNT - lean NOx trap

321


https://dieselnet.com/standards/cycles/etc.php#:~:text=The%20ETC%20test%20cycle%20has,the%20earlier%20R%2D49%20test.
https://dieselnet.com/standards/cycles/etc.php#:~:text=The%20ETC%20test%20cycle%20has,the%20earlier%20R%2D49%20test.

Journal of Namibian Studies, 37 S1 (2023): 302-330 ISSN: 2197-5523 (online)

NEDC
NHs
NOx
NRTL

NSGA
algorithm

OBCU
0sC
PM
SCR
SCRF
S

sS
SSCR
TWC

U-SCR

reduction (Urea-SCR)

UWS

WLTC

vehicle test cycle.

References

new European driving cycle
ammonia

oxides of nitrogen
nonrandom two liquids

nondominated sorting genetic

oil bath cleaning unit
oxygen storage capacity
particulate matter
selective catalytic reduction
SCR catalyst coated on DPF
spark ignition

stainless steel

solid SCR

three-way catalyst

Urea- selective catalytic

urea-water solution

world-harmonized light-duty

[1] A Calle-Asensio, JJ Herna'ndez , J Rodri’guez-Ferna’ndez ,
M Lapuerta , A Ramos and J Barba., 2021. Effect of advanced
biofuels on WLTC emissions of a Euro 6 diesel vehicle with SCR

under different climatic conditions. sagepub.com/journals-
permissions DOI: 10.1177/14680874211001256.

[2] Ali Azam, Asad Naeem Shah, Shoukat Ali, Zafar Abbas,
Ammar Ahmed, Adnan Igbal, Basit Ali Wajid, Muhammad
Sarfraz Ali., 2019. Design, fabrication and implementation of

HE-OBCU-EGR emission control unit on Cl engine and analysis

of its effects on regulated gaseous engine emissions. Journal

322



Journal of Namibian Studies, 37 S1 (2023): 302-330 ISSN: 2197-5523 (online)

of King Saud University — Engineering Sciences 33 (2021) 61—
69. https://doi.org/10.1016/j.jksues.2019.10.002.

[3] Anenberg, S.C. et al.,, 2017. Impacts and mitigation of
excess diesel-related NOx emissions in 11 major vehicle
markets. Nature 545 (7655), 467.
https://doi.org/10.1038/nature22086

[4] Bin Guan, Reggie Zhan, He Lin, Zhen Huang., 2014. Review
of state of the art technologies of selective catalytic reduction
of NOx from diesel engine exhaust.
j.applthermaleng.2014.02.021, http://dx.doi.org/10.1016.

[5] Bornhorst, M., Kuntz, C., Tischer, S., Deutschmann, O.,
2020. Urea derived deposits in diesel exhaust gas after-
treatment: Integration of urea decomposition kinetics into a
CFD simulation. Chemical Engineering Science 211, 115319.
https://doi.org/10.1016/j.ces.2019.115319

[6] Byung-Mo Yang., 2022. Effect of Exhaust Gas Flow and Back
Pressure on Urea Dosing Unit and Pipe of SCR in Industrial
Diesel Engine. Int. J. Mech. Eng. Rob. Res International Journal
of Mechanical Engineering and Robotics Research Vol. 11, No.
2, February 2022 doi: 10.18178/ijmerr.11.2.106-113.

[7] Carlos Guardiola, Benjam’in Pla, Pau Bares, and Javier
Mora., 2020. Model-based ammonia slip observation for SCR
control and diagnosis. I[EEE  TRANSACTIONS ON
MECHATRONICS, DOI 10.1109/TMECH.2020.2974341.

[8] Cha-Lee Myung, Wonwook Jang, Sangil Kwon, Jinyoung Ko,
Dongyoung Jin, Simsoo Park, 2017. Evaluation of the real-time
de-NO performance characteristics of a LNTx equipped Euro-6
diesel passenger car with various vehicle emissions
certification cycles, Energy (2017), doi:
10.1016/j.energy.2017.05.089.

[9] Chengxiong Wang, Jianwei Tan, Gavin Harle, Huiming Gong,
Wenzheng Xia, Tingting Zheng, Dongxia Yang, Yunshan Ge, and
Yunkun Zhao., 2019. Ammonia Formation over Pd/Rh Three-
Way Catalysts during Leanto-Rich Fluctuations: The Effect of
the Catalyst Aging, Exhaust Temperature, Lambda, and
Duration in Rich Conditions. Environ. Sci. Technol. 2019, 53,
12621-12628, DOI: 10.1021/acs.est.9b03893.

[10] Chen, Y. et al., 2020. Study of injection pressure couple
with EGR on combustion performance and emissions of
natural gas-diesel dual-fuel engine. Fuel 261, 116409.
DOI:10.1016/j.fuel.2019.116409

[11] Cihan Ates, Marion Bérnhorst, Rainer Koch, Mario Eck,
Olaf Deutschmann, Hans-Jorg Bauer., 2021. Morphological
characterization of urea derived deposits in SCR systems.
Chemical Engineering Journal 409 (2021) 128230,
https://doi.org/10.1016/j.cej.2020.128230.

323



Journal of Namibian Studies, 37 S1 (2023): 302-330 ISSN: 2197-5523 (online)

[12] C. M. Schar, C. H. Onder and H. P. Geering., 2018. Control
of a Urea SCR Catalytic Converter System for a Mobile Heavy
Duty Diesel Engine. SAE int. Diesel Exhaust Emissions Control
(SP-1754 / SP-1754CD), 2003-01-0776.
https://doi.org/10.4271/2003-01-0776

[13] C. Solaimuthu & P. Govindarajan., 2015. Performance
Evaluation of a Urea-water Selective Catalytic Reduction (SCR)
for a Diesel Engine with Mahua Bio Diesel. Energy Sources, Part
A: Recovery, Utilization, and Environmental Effects, 37:1424—
1431, 2015, DOI: 10.1080/15567036.2011.621012.

[14] Czekaj, I., Krocher, O., 2009. Decomposition of urea in the
SCR process: combination of DFT calculations and
experimental results on the catalytic hydrolysis of isocyanic
acid on TiO2 and Al20s. Top. Catal. 52 (13-20), 1740.
http://dx.doi.org/10.1007/s11244-009-9344-8

[15] Da Silva Souza, D.; Fernandes, G.M.; Dias, B.C.; Stefanelli
Junior, J.R.; Sequinel, R.; da ilveira Petruci, J.F. A Green
Analytical Methodology for Detecting Adulteration in
Automotive Urea-SCR Products Using Microfluidic-Paper
Analytical Devices. Sustainability 2022, 14, 3363.
https://doi.org/10.3390/su14063363.

[16] Derek R. Johnson, Clinton R. Bedick, Nigel N. Clark, and
David L. Mckain, Jr., 2009. Design and Testing of an
Independently Csontrolled Urea SCR Retrofit System for the
Reduction of NOx Emissions from Marine Diesels. Environ. Sci.
Technol. 2009, 43, 3959-3963. 10.1021/es900269p.

[17] D Tsinoglou and G Koltsakis., 2007. Modelling of the
selective catalytic NOx reduction in diesel exhaust including
ammonia storage. Journal of Automobile Engineering 2007
221: 117, DOI: 10.1243/09544070JAUTO368.

[18] Filip Kuternowski, Maciej Staszak and Katarzyna Staszak.,
2020. Modeling of Urea Decomposition in Selective Catalytic
Reduction (SCR) for Systems of Diesel. Exhaust Gases
Aftertreatment by Finite Volume Method. Catalysts 2020, 10,
749; doi:10.3390/catal10070749.

[19] Fudong Liu, Yunbo Yu and Hong He. 2014.
Environmentally-benign catalysts for the selective catalytic
reduction of NOx from diesel engines: structure—activity
relationship and reaction mechanism aspects. Chem.
Commun., 2014, 50, 8445, DOI: 10.1039/c4cc01098a.

[20] Fuwu Yan, Li Wei, Jie Hu, Jiawei Zeng, Shijie Zheng,
Junliang Wang., 2019. Simultaneous optimization of urea
dosing and ammonia coverage ratio of selective catalytic
reduction system in diesel engine by using physicochemical
model based NSGA-II algorithm. Applied Thermal Engineering
2019. https://doi.org/10.1016/j.applthermaleng.2019.03.031.

324



Journal of Namibian Studies, 37 S1 (2023): 302-330 ISSN: 2197-5523 (online)

[21] G. M. Hasan Shahariar and Ock Taeck Lim., 2019. Analysis
of the spray wall impingement of urea-water solution for
automotive SCR De-NOx systems. Energy Procedia 158 (2019)
1936-1941, 10th International Conference on Applied Energy
(ICAE2018), DOI: 10.1016/j.egypro.2019.01.448.

[22] Guan, B., Zhan, R., Lin, H., Huang, Z., 2014. Review of state
of the art technologies of selective catalytic reduction of NOx
from diesel engine exhaust. Appl. Therm. Eng. 66 (1-2), 395-
414. http://dx.doi.org/10.1016/j.applthermaleng.2014.02.021
[23] Habchi, C., Nicolle, A., Gillet, N., 2018. Numerical Study of
Deposits Formation in SCR Systems Using Urea-Water Solution
Injection. J Mater Sci Nanotechnol 6(2), 201.
DOI:10.15744/2348-9812.6.104

[24] Hongyuan Xi, Song Zhou, Jinxi Zhou, Zhao Zhang., 2020. A
novel combined system using Na»S20s/urea to simultaneously
remove SOz and NO in marine diesel engine exhaust. Journal
of Hazardous Materials 2020,
doi.org/10.1016/j.jhazmat.2020.123069.

[25] H.S. Latha, K.V. Prakash, M. Veerangouda, Devanand
Maski and K.T. Ramappa., 2019. A Review on SCR System for
NOx Reduction in Diesel Engine. Int.J.Curr.Microbiol.App.Sci
(2019) 8(4): 1553-1559,
https://doi.org/10.20546/ijcmas.2019.804.180.

[26] | "brahim Aslan Res,itog “lu Kemal Altinis,ik Ali Keskin.,
2014. The pollutant emissions from diesel-engine vehicles and
exhaust aftertreatment systems. Clean Techn Environ Policy
DOI 10.1007/s10098-014-0793-9.

[27] Ismail Hakki Savci, & M. Zafer Gul., 2021. A methodology
to assess mixer performance for selective catalyst reduction
application in hot air gas burner. Alexandria Engineering
Journal (2022) 61, 6621-6633,
https://doi.org/10.1016/j.aej.2021.12.011.

[28] Jain, A., Barman, J., Patchappalam, K., Gedela, S., 2017. A
Study on the Factors Affecting the Formation of Urea Crystals
and Its Mitigation for SCR After-Treatment Systems. SAE
Technical Paper 2017- 26-0132.
https://doi.org/10.4271/2017-26-0132

[29] Jeong, S.; Kim, H.; Kim, H.; Kwon, O.; Park, E.; Kang, J.
Optimization of the Urea Injection Angle and Direction:
Maximizing the Uniformity Index of a Selective Catalytic
Reduction System. Energies 2021, 14, 157. https://doi.org/
10.3390/en14010157.

[30] Jianbing Gao, Haibo Chen, Ye Liu, Ying Li, Tiezhu Li, Ran
Tu, Biao Liang, Chaochen Ma., 2021. The effect of after-
treatment techniques on the correlations between driving

325



Journal of Namibian Studies, 37 S1 (2023): 302-330 ISSN: 2197-5523 (online)

behaviours and NOx emissions of passenger cars. Journal of
Cleaner Production 288 (2021) 125647,
https://doi.org/10.1016/j.jclepro.2020.125647.

[31] Jinghua Zhao, Zhigang Chen, Yunfeng Hu, Hong Chen.,
2015. Urea-SCR Process Control for Diesel Engine Using Feed
forward-Feedback Nonlinear Method. IFAC-PapersOnLine 48-
8 (2015) 367-372, DOI:10.1016/j.ifacol.2015.08.209.

[32] J Kusaka, M Sueoka, K Takada, Y Ohga, T Nagasaki and Y
Daisho, 2005. A basic study on a urea—selective catalytic
reduction system for a medium-duty diesel engine, Int. J.
Engine Res. Vol. 6 No. 1, DOI: 10.1243/146808705X7310.
[33]Johnson, T.V., 2009. Diesel emission control in review. SAE
int. j. fuels and lubricants 1 (1), 68-81.
https://www.jstor.org/stable/26273362

[34] Joonho Jeon, Jong Tae Lee, and Sungwook Park., 2016.
Nitrogen compounds (NO, NO2, N20 and NHs) in NOx emissions
from commercial EURO VI type heavy-duty diesel engines with
a urea-selective catalytic reduction system. Energy Fuels,
DOI:10.1021/acs.energyfuels.6b01331.

[35] Jung, Y. et al., 2019. NO, NO: and N20 emissions over a
SCR using DOC and DPF systems with Pt reduction. Chemi. Eng.
J. 369, 1059-1067. https://doi.org/10.1016/j.cej.2019.03.137
[36] K. Nishad, F. Ries, J. Janicka, A. Sadiki., 2018. Analysis of
spray dynamics of urea—water-solution jets in a SCR-DeNOx
system: An LES based study. International Journal of Heat and
Fluid Flow 70 (2018) 247-258,
https://doi.org/10.1016/j.ijheatfluidflow.2018.02.017.

[37] Ku, K.W., Hong, J.G., Park, C.W., Chung, K.Y., Sohn, S.H.,
2014. Effects of various factors on the conversion efficiency of
urea solution in a urea selective catalytic reduction system.
Energy & Fuels 28 (9), 5959-5967.

[38] M. Bornhorst & O. Deutschmann., 2021. Advances and
challenges of ammonia delivery by urea-water sprays in SCR
systems. Progress in Energy and Combustion Science 87 (2021)
100949, https://doi.org/10.1016/j.pecs.2021.100949.

[39] Menghua Wang, Xingyu Liu, Jianjun Bao, Zhidan Li, and Jie
Hu., 2021. Simulation Study on Prediction of Urea
Crystallization of a Diesel Engine Integrated after-Treatment
Device. ACS Omega 2021, 6, 6747-6756,
https://dx.doi.org/10.1021/acsomega.0c05785.

[40] M. Haridass & M. Jayaraman., 2018. Performance of multi-
cylinder diesel engine fueled with mahua biodiesel using
Selective Catalytic Reduction (SCR) technique, Energy Sources,
Part A: Recovery, Utilization, and Environmental Effects,
DOI:10.1080/15567036.2018.1487489.

326



Journal of Namibian Studies, 37 S1 (2023): 302-330 ISSN: 2197-5523 (online)

[41] Mina Mehregan, Mohammad Moghiman., 2018. Effects of
nano-additives on pollutants emission and engine
performance in a urea-SCR equipped diesel engine fueled with
blended-biodiesel. Fuel 222 (2018) 402-406,
https://doi.org/10.1016/j.fuel.2018.02.172.

[42] Moon, S.; Park, S.; Son, J.; Oh, K.; Jang, S. Simplified
Modeling and Analysis of Surface Temperature Distribution in
Electrically Heated Catalyst for Diesel Urea-SCR Systems.
Energies 2022, 15, 6406. https://
doi.org/10.3390/en15176406.

[43] Payri, R., Bracho, G., Gimeno, J., Moreno, A., 2019. Spray
Characterization of the Urea-Water Solution (UWS) Injected in
a Hot Air Stream Analogous to SCR System Operating
Conditions. SAE Technical Paper 2019-01-0738.
https://doi.org/10.4271/2019-01-0738

[44] Prabhu, S.S., Nayak, N.S., Kapilan, N., Hindasageri, V.,
2017. An experimental and numerical study on effects of
exhaust gas temperature and flow rate on deposit formation
in Urea-Selective Catalytic Reduction (SCR) system of modern
automobiles. Appl. Therm. Eng. 111, 1211-1231.
DO0I:10.1016/j.applthermaleng.2016.09.134

[45] Qian, F., LG4, L., Yang, D., 2018. Simulation of Deposit
Formation Inside the Exhaust Pipe on a Diesel Engine with SCR.
Transactions of Csice 36 (2), 144-152.0NLINE

[46] Rafal Sala, Piotr Bielaczyc and Marek Brzezanski., 2017.
Concept of Vaporized Urea Dosing in Selective Catalytic
Reduction. Catalysts 2017, 7, 307; doi:10.3390/catal7100307.
[47] Ra’ul Payri, Gabriela Bracho, Pedro Mart’i-Aldarav’i, and
Javier Marco-Gimeno., 2020. Computational study of urea-
water solution sprays for the analysis of the injection process
in SCR-like conditions. Ind. Eng. Chem. Res., DOI:
10.1021/acs.iecr.0c02494.

[48] Rizzotto, V.; Baji'c, S.; Formenti, D.; Wu, X.; Sauerbeck, S.;
Werner, J.; Weirich, T.E.; Janke, T.; Mauermann, P.; Pischinger,
S.; et al. Comparison of Industrial and Lab-Scale lon Exchange
for the DeNOx-SCR Performance of Cu Chabazites: A Case
Study. Catalysts 2022, 12, 880.
https://doi.org/10.3390/catal12080880.

[49] Ruchit S. Raval, Maulik A. Modi, Tushar M. Patel., 2018.
NOx REDUCTION FOR UREA-SCR SYSTEM. International Journal
of Advance Engineering and Research Development Volume 5,
Issue 03, March -2018.

[50] Shahariar, G.H., Lim, O.T., 2018. Investigation of urea
aqueous solution injection, droplet breakup and urea
decomposition of selective catalytic reduction systems.

327



Journal of Namibian Studies, 37 S1 (2023): 302-330 ISSN: 2197-5523 (online)

Journal of Mechanical Science and Technology 32 (7), 3473-
3481. DOI:10.1007/s12206-018-0651-5

[51] Shang, D., Li, B., Liu, Z., 2019. Large eddy simulation of
transient turbulent flow and mixing process in an SCR
denitration system. Chem. Eng. Res. Des. 141, 279-289.
https://doi.org/10.1016/j.cherd.2018.11.006

[52] Shin, S. B., Skau, K. I., Menon, M., Maroor, S., Spatenka, S.,
2019. A modelling approach to kinetics study and novel
monolith channel design for selective catalytic reduction (SCR)
applications. Chem. Eng. Res. Des. 142, 412-428.
DOI:10.37358/RC.20.7.8227

[53] Sirajuddin Syed & Manimaran Renganathan., 2019. NOx
emission control strategies in hydrogen fuelled automobile
engines, Australian Journal of Mechanical Engineering, DOI:
10.1080/14484846.2019.1668214.

[54] S. Prabhu S, N.S. Nayak, K. N, V. Hindasageri., 2016. An
Experimental and Numerical Study on Effects of Exhaust Gas
Temperature and Flow Rate on Deposit Formation in Urea-
Selective Catalytic Reduction (SCR) System of Modern
Automobiles. Applied Thermal Engineering (2016), doi:
http://dx.doi.org/10.1016/ j.applthermaleng.2016.09.134.
[55] Sterlepper, S.; Fischer, M.; ClaRen, J.; Huth, V.; Pischinger,
S., 2021. Concepts for Hydrogen Internal Combustion Engines
and Their Implications on the Exhaust Gas Aftertreatment
System. Energies 2021, 14, 8166.
https://doi.org/10.3390/en14238166.

[56] Strom, H., Lundstréom, A., Andersson, B., 2009. Choice of
urea-spray models in CFD simulations of urea-SCR systems.
Chem. Eng. J. 150 (1), 69-82.
https://doi.org/10.1016/j.cej.2008.12.003

[57] Sun, Y., Sharma, S., Vernham, B., Shibata, K., Drennan, S.,
2018. Urea Deposit Predictions on a Practical Mid/Heavy Duty
Vehicle After-Treatment System. SAE Technical Paper 2018-
01- 960. DOI: https://doi.org/10.4271/2018-01-0960

[58] Van Vuuren, N., Armitage, P., 2017. In-Situ Exhaust
Visualization of Near-Nozzle Urea-Based Deposits Formation in
an under floor SCR Injection Location. SAE Technical Paper
2017-01-2376. DOI: https://doi.org/10.4271/2017-01-2376
[59] V. Praveena, M.L.J. Martin, 2017. A Review on Various
After Treatment Techniques to Reduce NOx emissions in a Cl
Engine, Journal of the Energy Institute (2017), doi: 10.1016/
j.joei.2017.05.010.

[60] Wang, D., Hui, S., Liu, C., 2017. Mass loss and evolved gas
analysis in thermal decomposition of solid urea. Fuel 207, 268-
273.DO0I:10.1016/j.fuel.2017.06.117

328



Journal of Namibian Studies, 37 S1 (2023): 302-330 ISSN: 2197-5523 (online)

[61] Weeks, C.L., Ibeling, D.R., Han, S., Ludwig, L., Ayyappan,
P., 2015. Analytical investigation of urea deposits in SCR
system. SAE Int. J. Engines DOI: https://doi.org/10.4271/2015-
01-1037

[62] Xi, H., Zhou, S., Zhou, J., 2019. New experimental results
of NO removal from simulated marine engine exhaust gases by
Na2S:0s/urea solutions. Chem. Eng. J. 362, 12-20.
https://doi.org/10.1016/j.cej.2019.01.002

[63] Xingyu Liu, Fuwu Yan, Shijie Zheng, Jianxiong Liao, Zhizhou
Cai, and Jie Hu., 2021. Influence of Operating Conditions on
Urea Deposit Formation in the Urea-SCR System on a Diesel
Engine Exhaust-like Test Bench. Ind. Eng. Chem. Res. 2021, 60,
11334-11345, https://doi.org/10.1021/acs.iecr.1c01150.

[64] Xinmei Yuan, Honggqi Liu, Ying Gao., 2015. Diesel Engine
SCR Control: Current Development and Future Challenges.
Emiss. Control Sci. Technol. 2015, DOI 10.1007/s40825-015-
0013-z.

[65] Y. Jung, Y.J. Shin, Y.D. Pyo, C.P. Cho, J. Jang, G. Kim, 2017.
NOx and N20 emissions over a Urea-SCR system containing
both V,0s5-WOQO3/TiO2 and Cu-zeolite Catalysts in a Diesel
Engine, Chemical Engineering Journal, doi:
http://dx.doi.org/10.1016/j.cej.2017.06.020.

[66] Youngjin Shin, Yongjin Jung, Chong Pyo Cho, Young Dug
Pyo, Jinyoung Jang, Gangchul Kim, Tae Min Kim., 2020. NOx
abatement and N20O formation over urea-SCR systems with
zeolite supported Fe and Cu catalysts in a nonroad diesel
engine. Chemical Engineering Journal 381 (2020)-
https://doi.org/10.1016/j.cej.2019.122751.

[67] Yuan, M., Su, Y., Deng, W., Zhou, H., 2019. Porous clay
heterostructures (PCHs) modified with copper ferrite spinel as
catalyst for SCR of NO with CsHs. Chem. Eng. J. 375, 122091.
https://doi.org/10.1016/j.cej.2019.122091

[68] Yujun Liaoa, Panayotis Dimopoulos Eggenschwilera,
Daniel Rentschb, Francesco Curtoa,

Konstantinos Boulouchos., 2017. Characterization of the urea-
water spray impingement in diesel selective catalytic reduction
systems. http://dx.doi.org/10.1016/j.apenergy.2017.08.088.
[69] Zhang, C., Sun, C., Wu, M., Lu, K., 2019. Optimisation
design of SCR mixer for improving deposit performance at low
temperatures. Fuel 237, 465-474.
DOI:10.1016/j.fuel.2018.10.025

[70] Zhang, J., Sun, S., Wang, Y., Tao, J., Li, G., 2013.
Investigation of Deposits in Urea-SCR AfterTreatment Systems
for Heavy-Duty Diesel Engines. Asian Journal of Chemistry 25
(6), 3121. http://dx.doi.org/10.14233/ajchem.2013.13550

329



Journal of Namibian Studies, 37 S1 (2023): 302-330 ISSN: 2197-5523 (online)

[71] Zhu, N., Lv, L., Ye, C., 2017. Investigation of Deposits in
Urea-SCR System Based on Vehicle Road Test. SAE Int. J.
Engines 10 (2), 119-127. https://doi.org/10.4271/2017-01-
9275

[72] Isabella Nova & Enrico Tronconi.,, 2014. Urea-SCR
Technology for deNOx After Treatment of Diesel Exhausts.
textbook -http://www.springer.com/series/5964.

330



